Understanding the long-term sequestration of veterinary antibiotics into soil fractions with different bioavailability is important in terms of assessing their eco-toxicological impact. We performed 60-d batch sorption experiments with radiolabeled sulfadiazine (SDZ) using samples from two agricultural soils. Sequential extraction with CaCl 2 /MeOH (easily accessible fraction), microwave (residual fraction, RES), and combustion (nonextractable residues, NER) was used to quantify the sequestration dynamics of the 14 C-derived SDZ-equivalent concentration. Multiple harsh extractions allowed us to mathematically extrapolate to the amount of SDZ equivalents that can be potentially extracted, resulting in halving the NER fraction after 60 d. A modified two-stage model with irreversible sorption combined with global parameter optimization was able to display the sequestration dynamics. We demonstrated this with sterilized samples in which no transformation of the parent compound was observed. This also showed that transformation was primarily biologically driven. These modeling results verified the procedure, which was then applied to nontreated samples from both soils to estimate effective parameter values for SDZ-derived equivalents. Observed initial sorption, to which up to 20% of the kinetic sorption sites attributed, was included in the model. Both the RES and NER fractions reached a sorption plateau, with NER occupying about 30% of the kinetic fraction (RES+NER) for all soils. The sorption and sequestration of SDZ were soil-specific and dominated by kinetics. Sequestration in the RES fraction was much slower (characteristic time: 60 d) than the redistribution in the NER fraction (characteristic time: <6 d). The work presented here contributes to the prediction of the dynamics of (bio-)availability.
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Long-Term Sorption and Sequestration Dynamics of the Antibiotic Sulfadiazine: A Batch Study
Stephan Sittig,* Roy Kasteel, Joost Groeneweg, and Harry Vereecken T he spreading of veterinary pharmaceuticals in the environment is of growing concern. The environmental risk was not emphasized until a decade ago (Pan et al., 2009) . The application of contaminated manure leads to pollution of soils (e.g., Halling-Sörensen et al., 1998; Tolls, 2001; Christian et al., 2003; Sarmah et al., 2006) , as well as to pollution of surface and groundwaters, which are potential resources for drinking water. Furthermore, persisting antibiotics can cause the development of resistant pathogens, as well as the spreading of resistance via gene transfer (Thiele-Bruhn, 2003) .
The substance studied here is sulfadiazine (SDZ) [4-amino-N-(2-pyrimidinyl)benzene sulfonamide], an antibiotic from the sulfonamide group. Sulfonamides are widely used in animal husbandry as well as in human medicine (Sarmah et al., 2006) and are known to be persistent in soils (e.g., Sukul and Spiteller, 2006; Stoob et al., 2007) . Sulfadiazine undergoes transformation to several metabolites, caused by photolysis (Sukul et al., 2008a) or occurring in soils (e.g., Unold et al., 2009; Kasteel et al., 2010; Rosendahl et al., 2011) . Transformation in soils is assumed to be primarily of biological origin (Sarmah et al., 2006; Yang et al., 2009; Kasteel et al., 2010) , although abiotic transformation on specific mineral surfaces has also been reported (Meng, 2011) . The fate and transport of xenobiotics depend among other factors on sorption to the soil matrix. In the context of this study, sorption is defined as the distribution of a substance between the liquid and the solid phase. For SDZ, this process is nonlinear and time-dependent, as shown in batch systems (Kasteel et al., 2010; Wehrhan et al., 2010) and column transport studies (Unold et al., 2009) . In several studies, sorption kinetics was described by various mathematical models consisting of compartments with different mass exchange rates (reversible and irreversible) (Unold et al., 2009; Zarfl et al., 2009; Kasteel et al., 2010; Wehrhan et al., 2010) .
Sulfadiazine forms residues relatively quickly, which are neither extractable with mild methods (e.g., Kreuzig et al., 2003; Kreuzig and Höltge, 2005; Hamscher et al., 2005) nor with harsh extractions processes (Stoob et al., 2007; Förster et al., 2008) . The transfer of a contaminant to a state of reduced accessibility that is not readily reversible is defined as sequestration (Lueking et al., 2000) . It is still unknown
